q 28319916

NACA T?

’i

Mic

N

_ A&

R\

SWEPTBACK WINGS WITH STREAMWISE TIPS

By Margery E. Hannah and Kenneth Margolis

Léngley Aeronautical Liaboratory

!

-

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 2831

SPAN LOAD DISTRIBUTIONS RESULTING FROM CONSTANT
ANGLE OF ATTACK, STEADY ROLLING VELOCITY, STEADY PITCHING

VELOCITY, AND CONSTANT VERTICAL ACCELERATION FOR TAPERED

SUBSONIC LEADING EDGES AND SUPERSONIC TRAILING EDGES

Langley Field, Va.

Washington
December 1952

|

I

AFMEC

_WN ‘8avy AuvHEIT HoaL

/

TEApIEary 1 ome o]
v Lo- . H

FAE==A SN Y

P
nob

£, i
ﬁhﬁmaﬂﬁ TSR



TECH LIBRARY KAFB, NM

(AR D

D0bL5820
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS -
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SPAN LOAD DISTRIBUTIONS RESULTING FROM CONSTANT
ANGLE OF ATTACK, STEADY ROLLING VELOCITY, STEADY PITCHING
VELOCITY, AND CONSTANT VERTICAL ACCELERATION FOR TAPERED

SWEPTBACK WINGS WITH STREAMWISE TIPS
SUBSONIC LEADING EDGES AND SUPERSONIC TRATLING EDGES
By Margery E. Hannah and Kenneth Margolis
SUMMARY

On the basis of linearized supersonic-flow theory, the theoretical
spenwise distributions of circulation (which are proportional to the
span load distributions) resulting from constant angle of attack,
steady rolling velocity, steady pitching velocity, and constant verti-
cal acceleration were calculated for a series of thin, sweptback,
tapered wings with streamwise tips. The analysis is valid at those
speeds for which the wing is wholly contained between the Mach cones
springing from the wing apex and the trailing edge of the root section,
that is, subsonic leading edges and supersonic trailing edges. An
added restriction is that the Mach cones emanating from the leading
edges of the wing tips must not intersect on the wing. :

Formulas for the spanwise distributions of circulation are given
in closed form. Numerical results are presented as a series of design
charts from which the desired loading may be obtained for given values
of aspect ratio, taper ratio, Mach number, and leading-edge sweepback.
The axis of pitch is taken at the wing apex although, by use of the cal-
culated results and a simple transformation, span lcad distributions for
steady pitching velocity may be readily obtained for arbitrary location
of the pitch axis. Variations of the spanwise distributions of circula-
tion with the various plan-form parameters, Mach number, and axis-of-
pitch location are also presented for illustrative purposes.
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INTRODUCTION

A knowledge of the spanwise loading or spanwise distribution of
circulation (which is proportional to the spanwise loading) is of great
value in solving aerodynamic problems and performing aerodynamic calcu-
lations. For example, it has been shown that the upwash and sidewash
downstream of an airfoil are largely determined by the spanwise circu-
lation except in the region directly behind the trailing edge. In addi-
tion to the estimation of flow fields and evaluation of forces and
moments on the surface itself, the spanwise distribution of circulation
may-also be applied to problems in aerodynsmic loads and aeroelasticity.
In view of these considerations, a series of charts giving the spanwise
distributions of circulation for a varlety of wing plan forms at various
Mach numbers will serve many useful purposes.

The present paper considers the spanwise distributions of circula-
tion resulting from a constant angle of attack, a constant rate of roll,
a8 constant rate of pitch, and constant vertical acceleration for a series
of sweptback tapered wings with streamwise tips, .subsonic leading edges,
and supersonic trailing edges. Reference 1 treats the first three
motions mentioned above for the same general class of wings but at Mach
numbers for which both the leading and trailing edges are supersonic.

It may be noteda at this point that within the limits of linearized theory
as used herein, the analyses for constant rate of roll and constant rate
of pitch are applicable to wings with linear lateral twist and linear
camber, respectively.

The results of the analysis are given in the form of equations for
the spanwise distributions of circulation. (For the case of steady
pitching velocity, the axis of pitch is taken at the wing apex.) A
series of design charts permitting the rapid estimation of spanwise
circulation for a wing with given aspect ratio, taper ratio, leading-
edge sweepback, and Mach number are presented. By use of the calculated
results in conjunction with a transformation formula, the spanwise dis-
tribution of circulation due to steady pitching’ velocity with arbitrary
axis of pitch may readily be obtained. Same illustrative variations of
the spanwise distributions of circulation with the various wing para-
meters, Mach number, and axis-of-pitch location are also included.

SYMBOLS

X, ¥ Cartesian coordinates (see fig. 1)

root chord
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m =
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ACH

cot

span
taper ratio (ratio of tip chord to root chord)
angle of sweepback of leading edge
semiapex angle
2cr()\.2 + A+ 1)
3(1 + A)

mean serodynamic chord,

(3

chord at spanwise station y

ving area
2
: b 2b
ct ratio, — =
aspe SR
= tan ¢
Mach angle

Mach number

cotangent of the Mach angle, MZ - 1

disturbance velocity potential on upper surface

value of § for unit angle of attack

free-stream velocity

density

pressure difference between upper and lower surfaces,.positive

in sense of 1lift

pressure-difference coefficient, ;Qgﬁ
Lov

angle of attack, radian measure

rate of roll, radian measure
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q rate of pitch, radian measure
a rate of change of a -with time
t time
T circulation at any spanwise station Y, % f NCp dx
*IE
M, Io components of circulation due to constant vertical accelera-
tion, I'=T; + I
cy section 1lift coefficient
cey spanwise loading parameter
i spanwise coordinate of intersection of Mach line emanating
from wing tip with wing trailing edge (see fig. 2)
AB(L + A) - 4Bm(1l - A)| + L4Bm
K=mm_—}—b2[< ) (-]
Bb/2 AB(Bm) (1 + A)
X distance from apex to center of pressure due to angle of
attack, -T KT)—E'
Ly
da distance from apex to assumed center-of-gravity location
Xgm static margin, x - d
CL lift-curve slope, i lL—iE
o3 da é-pVaS
a—>»0
c. = [9O_ Pitching moment due to angle of attack
Dy da %pV2S'E
a—>0
k = \1 - (Bm)2
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F'(Bm) complete elliptic integral of first kind with modulus Xk,

/2
/ az
Vl - kgsinzz
0

E'(Bm) complete elliptic integral of second kind with modulus k,

/2
J[‘ ¢E - k2gin2z dz
0]

1 - l‘_
O e
I(Bm) = 2(1 - #?)
(2 - Bzm? E'(Bm) - B2m2F'(Bm)
¢ () = 1 - BPn®

(1 - 28%2) 5 (Bm) + Basz'(Bm)’

Subscripts:

LE leading edge

TE trailing edge

ML Mach line from leading edge-of tip

ex wing reglon external to Mach cone from leading edge of tip
(see fig. 2) ‘

in wing reglion internal to Mach cone from leading edge of tip
(see fig. 2)

q pitching

a angle of attack

a pitching about apex

da pitching about assumed center-of-gravity location
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ANATYSIS

Scope

The sweptback wings considered in this paper are sketched in
figure 1. The system of coordinates, wing parameters, and associated
data used in the analysis are indicated in figures 1 and 2. For the
motions analyzed, the results are the same to the first order in «
(the angle of attack) ih both the axes system used herein and the sta-
bility axes system. The analysis is based on limearized supersonic-flow
theory and is limited to nonsideslipping streamwise-tip wings of vanish-
ingly small thickness that have zero camber.

The results are valid for a range of supersonic speeds for which
the leading edge is subsonic and the trailing edge supersonic (i.e.,
the wing is wholly contained between the Mach cones springing from the
wing apex and the trailing edge of the root section). An added restric-
tion is that the Mach cones emanating from the leading edge of the wing
tips may not intersect on the wing. These conditions expressed msthe-
matically as restrictlions on the parsmeter B cot A are as follows:

For BA(l + ) 22

BA(L + A) SBceotAS1
(L + A) + (1 - )

and for BA(1 + A) <2

BA(L + ) < cob A S __BA(L + 1)
BA(L + A) + 4(1 - ) b~ BA(L + M)

Basic Considerations

The evaluation of spanwise loadings generally requires a knowledge
of the pressure difference between the upper and lower surfaces of the
wing. The distribution of circulation along the span is related to the
spanvise loading parameter and pressure-difference coefficient as
follows:

- v XTE,
I‘=§ccz=—f ACp dx (1)
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The spanwise distribution of circulation I' is used throughout the
remainder of this paper instead of the spanwise loading parameter.

Inasmuch as the spanwise distribution of circulation is symmetrical
about the root section Ffor angle of attack, pitching, and vertical
acceleration and is antisymmetrical for rolling, it is necessary to work
with only one half-wing. Accordingly, the right half-wing has been
chosen (see fig. 2). The half-wing is divided into two regions: one
region external to the Mach cone springing from the leading edge of the
tip and the other region internal to this Mach cone. Use of equation (1)
yields the following expression for the circulation function T (refer
to fig. 2 for appropriate regions on the wing and limits of integration):

For 0 = y s ¥i

_vY NFmE
I'= 5 [ (ACP)eX ax (2)
LE
and for Y5 <y pS g
L X 7R,
_V v } )
R XML
or
TR
_V
P = -é' (ACP)ex d_X + 2¢in (’"’)
xR X,

The functions (ACP) P (ACP)i , and ¢in may be obtained from
ex n

or by use of previously published reports. Reference 2 presents the
pressure-difference coefficients for the various wing motions that are
valid for the "external" wing region. All expressions for '(ACP)ex

used in the subsequent derivations are obtained from this source.
Reference 3 presents approximate expressions for (ACP)in and ¢in

for the cases of constant angle of attack and steady rolling velocity;

e ——— e e
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reference 4 gives these same functions for steady pitching velocity.
For the case of constant vertical acceleration, (ACP) is obtained

by use of reference 5 in conjunction with the results given in refer-
ences 3, 4, and 6.

Substituting the appropriate expressions into equations (2) to (U4)
and performing the indicated operations yields the formules for I. It
should be noted that ¢in and (ACP) as derived in references 3 and 4

are approximate. As discussed in these references, the results obtained
by their use are felt to be sufficiently accurate for most practical

purposes.
Derivation of Expressions for Spanwise Digtributions of Circulation

Constant angle of attack.- For the case of constant angle of
attack,

- 4po®" (Bm)
()
By = 2\;0& \/E(y + Ile(gm— 2y) | (6)

After substitution of these values into equations (2) and (4), integra-
tion, and substitution of the limits of integration (see fig. 2), the
following formulas are obteined:

For 0% Y _=
: b/2 /2

L 25" (mm) \/(BmK)e /2> (7)

V

‘?cr
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and for i <~¥X— 5 1

b/2  b/2

r 5 (l ) 55)[(1 ’ 33/’_2) i me - B%)] [(1 + Bm)E"(Bm) - h:l +

Vu% 1l + Bm
| 8 <1'>/L2 * BmK)(l } ﬁE) ‘ (8)
Bl 1+ Bm

Steady rolling velocity.- For steady rolling velocity,

(255) _ 20°pI(Bm) xy (9)
eX Vv maxe _ y2
¢in - gi 2y(2Bm + zi + Z;§27; 1) - 2mx Jé(y + mx) (b - 2y) (10)
+

Substituting these values into equations (2) and (4) and integrating
between the proper limits yields:

< ¥y gJi
For 0= 2.3 —
b/2 /2

] I )2 - (2P |
o(BF I(B“”b/z\/(m) | <b/e) ()
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and for z—}é < -1)3/(—2 s 1
. J_ - I
P(éyg = (l b/e)l:l +lb_{-23; Bm(l b/2):| I(Bm)—{)y—é(l + Bm) -
5 %(mn + 1)

3x 1l + Bm

Y (2Pm + 1) + (Bm + 1) - Buk

8 [ ¥\ b/2
3 (b/2 " BEK)( b/e) (1 + Bm)3/2
(12)
Steady pitching velocity.- For steady pitching velocity,
- @]
- ()
Bin = 4 [:2(3 + 2Bm)x + 2B2my -
n 31t(l + ]31:1)3/2
bB(1 + Bm)] \/2(mx + y)(b - 2y) (1%)

Using these values in equations (2) and (4), integrating, and sub-
stituting the limits of integration gives the following:

<91

For 0 ¥
b/2 v/2

A
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and for z/iez E}’—e $1
y B
. 2 [(1+ b_/5> +Bm(1- 73’2)] (1- b/Le) (1+ Bm) -1+ Bm(l- ﬁéjle(m)
B(%)zq ) L+ Em - _
(3 + 2Bm)|1 + Bm(l - -QL)]
L b/2
e = + Bmgfg - (1 +Bm))> |+
5 (3+2]3m)K+Bm—y—-(1+Bm) <BmK+L)<—L
3x(1+ Bm) 3/ b/2 b/2J\  v/2

(16)

Constant vertical acceleration.- For constant vertical accelera-
tion, the expression for ACp  for the externsl region is given by

~

E |«

2
x|2 -
S 10,

N

mxE" (Bm), f1 - (mlx)e (17)

From the discussion presented on pages 3 and 4 of reference 5, the
pressure difference at time +t = O for the angle of attack ot is

AP = %,Evie(&)qd - I'%(AP)(JL=l - 2p>:<l (18)
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Hence

I3

ACp = félEdz(ACP)QFl - I%(ACP)Q=1 - 3’_—2)5‘, (19)

where the subscripts g=1 and o=l refer to unit pitching velocity and

unit angle of attack, respectively (see ref. 5). It is to be noted that

(ACP) 1 and (ACP) 1 for the internal region may be obtained directly
= a= '

by substituting the values q =1 and a =1 into the appropriate
expressions for the pressure coefficient given in reference 4 and that
the expression for X 1is given in reference 6. The right-hand side
of equation (19) is then readily evaluated as follows:

AC _ h& J&Z[ém(3 + 2Bm) + (12 + 8Bm + 2B%me)y - Bmb(l + Bmi] g -y
( P)in VBal 3% (1 . Bm)3/2

2142mx/ 2-y E/(1111f+:>')(12'i—y)'

7 V(l + Bm)(mx + y) - “V 1+ Bm

(20)

Substituting these expressions for ACp (egs. (17) and (20)) into

equations (2) and (3) and performing the indicated operations results in
the following formulas for I': . . .
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and for yi —y—<=

R

TN
.. %é (%)2 lée + 1)6(Bn) - (1_3; . 1)En(mﬂ¥w\/ﬁ+ ;}'E + Bm(l - 1:}/'E)](l - 177' (1 +Bm) -

Y
Baya "(Bm) cosh™t i:_";g_fj_'g‘_)_ ——-@) E(‘Bemzl( + B2 :}' + 2BuK +
%75 (1 + Bm

b/2+2W— Bm - Bame) -B%n?%—-aemex B2 - '.Bm):l‘/BmK+

v;+§§+3m1-%5)%(1+Bm+ﬂy§)+§(32m25/—5-32m2—Bm] (22)

In the foregoing equations, TI' is seen to be a function of B as
well as the parameters K, Bm, and Y that appear in the previous

b/2
formulas. In order to facilitate the calculation and plotting of design
charts, equations (21) and (22) have each been divided into two campo-
By o

—1  ena —=—
a(p/2)2 Ba(b/2)2
paremeters. The circulation I' is then obtained by adding Pl and Ty

nents go as to reduce the number of independent

(i.e., I'=I + 1"2)- The components are given as follows:

<

For O = < Vi

v
b/2 1b/2

EZ%%? - K\/(BmK)2 . (g%)z[%(m) - EE"(Bmﬂ (23)
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(2k4)

14
e _ 2 B
Ba(b/2)2 K%m) (b/z) [potem) - e(am] -
7\2
B" (Bm)—L»-(b 2> cosh~1/BIK
Bm J
()
and for y‘}—- < -T s1

BI‘l _ v - Yy 8
a(b/2)2 b/2\35(1 + Bm)3/2

R ]

1-Bok| +2 [1+ L+
b/2

=

VﬁBm + l)[% + E%E + Bm
o™ (mﬂ

b/éﬂ 1+ Bm( —7i)l%G(Bm ]

(25)
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T'p 8\/ -7r- \/BmK + [%mK(2 )

Ba(b/a)2 Bm(1 + Bm)3/2

32m2<l 2y(1 + Bu) B%] -

b/2) b/2

2(1 + Bm + —QL)
+

R

(B’ﬂl + l) <l + Bm - Bm YQ)E"(BDI) = 2G(BI]1)

b/

E—E;i@(f/'—g)ehl S mg(;_z- 57%) (26)

RESULTS AND DISCUSSION

The foregoing analysis has enabled the evaluation of the spanwise
distributions of circulstion for sweptback wings of arbitrary aspect
ratio and taper ratio at supersonic speeds for which the wing leading
edge is subsonic and the wing trailing edge supersonic. The wing tips
are parallel to the free-stream direction of flow (herein termed stream-
wise tips) and the permissible combinations of plan form and Mach number
exclude the situation where the Mach cones emanating from the leading
edge of the wing tips intersect on the wing itself. The types of wing
motions considered and the resulting equations for the spanwise distri-
butions of circulation may be summasrized as follows:

Equations
Constant angle of attack . . . . . . . . . . . . . . .. (7) end (8)
Steady rate of o1l . . . . . . . « «% < o+« « . . . (11) and (12)
Steady rate of pitch . . . . . . . . . . . ... . ... (15) and (16)

Constant vertical acceleration . . . . . . . . + « . . . (23) to (26)
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Y
These equations are seen to be functions of the parameters 575,

Bm, and X. The parameter K 1s in turn a function of y2’ AB, Bm,
and A. Thus genéralized curves of the spanwise distributions of circu-
lation may be readily computed by considering different combinations of
the parameters AB, Bm, and A. Velues of the elliptic functions E"(BEm),
G(Bm), and I(Bm) that appear in the equations for the spanwise distri-
butions of circulation have been calculated and are presented in figure 3.
The mathematical restrictions governing the permissible combinations of
the parameters are given in the section of this paper entitled "Scope."

Calculations have been made for velues of AB from 2 to 20,
for A =0, 0.25, 0.50, 0.75, and 1.00, and for appropriate values of Em.
Results of the numerical calculations have been prepared in the form of
design charts. The curves of spanwise distributions of circulation due
to constant angle of attack are shown in figures 4 to 9 and an index to
thege figures is given in table I. Analogous results for steady rolling
velocity, steady pitching velocity, and constant vertical acceleration
are shown in figures 10 to 15, 16 to 21, and 22 to 27, respectively.
Indexes to these figures are given in tables II, III, and IV, respectively.

It will be noted that in all cases for a finite taper ratio there
is a more or less abrupt change in slope at the spanwise station yj

where the tip Mach cone intersects the wing trailing edge. This dis-
continuity in slope is due to the ebrupt change in pressures across the
Mach cone boundary (see refs. 3, 4, 6, and 7). The fact that approximate
potentials have been used for the tip region is not expected to intro-
duce any appreciable error in calculations involving the use of these
circulations. The curves in figures 16 to 21 are for wings pitching
about the apex. The spanwise distribution of circulation for a wing
pitching about an arbitrary axis located at a distance d from the wing
apex is

(%) ™ ()~ &% @

where the subscript q indicates the spanwise distribution of circula-
tion associated with a pitching wing and the subscript o indicates the
spanwise distribution of circulation associated with a wing at constant
angle of attack. It is frequently desirahble to perform calculations for
a given static-mergin condition, where static-margin is defined as the
distance between the center of pressure and the center of gravity
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(i.e., Xgm = X - d). It can be shown that the distance d is given
as

d.=--(in—a-)-§f-+x’sm (28)
CLy

After substitution of equation (28) into equation (27) and some simpli-
fication the following expression is obtained:

Tq _ Iq N 8(1 + A+ x2) Iy [icma)a Xam

Bq(b/2)2 a ) }3q(b/2)?a 3aB(1 + 1)2 Vab/QL-CLa T2

(29)

Vealues of Cma and CLa maey be obtained from references 2 to 4.

r ' r
Charts for |——39 — are given in figures 16 to 21 (labeled 5
Ba(b/2)?| B(b/2)

r
and charts for < are given in figures 4 to 9 (labeled I .
Vab/2 Vab/2

The distribution of circulation along the span for a wing pitching about
an arbitrary axis may thus readily be obtained by use of equation (29)

~in conjunction with the charts presented in this paper.

’

Some illustrative curves showing the variation of the spanwise
distribution of circulation for wings et constant angle of attack with
Mach number and with various wing parameters — aspect ratio, taper
ratio, leading-edge sweepback — are shown in figure 28. Variations of
spanwise distribution of circulation with these same parameters due to
steady rolling velocity, steady pitching velocity, and constant vertical
acceleration are shown in figures 29, 30,- and 31, respectively. 1In
figure 30 the values presented were calculated by using equation (27).
for a center of gravity (i.e., pltching axis) located to give a static
margin of 0.05C. Variations of the spanwise distribution of circulation
with the position of axis of pitch are presented in figure 32. It is to
be noted that the spanwise distribution of circulation I’ due to con-
stant vertical acceleration (shown in fig. 31) is the sum, Iy + Is.
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CONCLUDING REMARKS

On the basis of linearized supersonic-flow theory, the spanwise
distributions of circulation resulting from constant angle of attack,
steady rolling velocity, steady pitching velocity, and constant verti-
cal acceleration have been calculated for a series of thin, sweptback,
tapered wings with streamwise tips.

Results are applicable for a range of supersonic speeds for which
the wing is wholly contained between the Mach cones springing from the
wing apex and the trailing edge of the root section, that is, subsonic
leading edges and supersonic trailing edges. An added restriction
(which, for practical configurations, materially limits the range of
Mach numbers for small aspect ratios only) is that the Mach cones ema-
nating from the leading edge of the wing tips may not intersect on the
wing.

Generalized design curves are presented which permit rapid estima-
tion of the spanwise distributions of circulation resulting from the
various wing motions for given values of aspect ratio, taper ratio,
Mach number, and leeding-edge sweepback. For illustrative purposes
some spécific variations of the spanwise distributions of circulation
with the aforementioned parameters and axis-of-pitch location are also
presented.

Langley Aeronautical ILaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 5, 1952.
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TABLE T

INDEX TO CURVES FOR SPANWISE DISTRIBUTION OF CIRCULATION

DUE TO CONSTANT ANGIE OF ATTACK, r
Vab/2
A AB | Figure | Page A AB | Figure | Page
0 2 L 27 0.50 2 7(2) L8
(Delta 3 3 T(b) k9
wing) L Lpo7(e) 50
51 T7(a) 51
0 2 5(a) 28 6 7(e) 52
3 5(b) 29 8 T7(£) 53
L | 5(c) 30 10| g Sk
5 5(d) 31 12 7(h) 55
6 | 5(e) 32 15 | 7(1) 56
8 | 5() 33 20 7(3) 57
10 | 5(g) 34 :
12 5(h) 35 V6 2 8(=a) 58
15 | 5(i) 36 3] 8(b) 59
20 5(3) 37 L 8(c) 60
5 8(a) 61
.25 2 6(a) 38 6 8(e) 62
3 6(b) 39 8 8(f) 63
b 6(c) ko 10 8(g) 64
2 6(a) W1 12 8(n) 65
6 6(e) ho 15 8(1) 66
8 6(f) 43 20 8(3) 67
10 6(g) by
12 6(n) 45 1.00 2 9(a) 68
15 6(1) 46 3
20 6(3) L7 4
5
6
8 | 9(v) 69
10
12
15
20
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TABLE, II

INDEX TO CURVES FOR SPANWISE DISTRIBUTION OF CIRCULATION

DUE TO STEADY ROLLING VELOCITY,

21

A AB | Figure | Page
0 2 10 70
(Delta 3
wing) L

0 2| 11(a) | T
3 11(b) T2

L o11(e) | T3

5 11(4) Th

6 11(e) >

8 | w(£) | 76

10 | 11(g) 7

12 11(h) T8

15 11(1) 79

20 11(3) 80

.25 2 12(a) 81
3| 12(p) | 82

4 12(c) 83

5 12(4) 8h

6 12(e) 85

8 12(f) 86

10 12(g) 87

12 12£h3 88

15 12(i 89

20 12(3) 90

r
b
p(2
A AB Figure Pége
0.50 2 13(=a) 91
3 | 13(b) 92
4 13(c) 93
5| 13(a) | 9%
6 13(e) 95
8 | 13(f) | 96
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Figure 6.- Distribution of circulation along span for wings at constant
angle of attack with A = 0.25.
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i pltching veloclty with X = 0. Wing pitching about apex.
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Figure 18.- Distribution of circulation along span for wing with steady

pltching velocity with X = 0.25.

Wing pitching about apex.
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Figure 19.- Distribution of circuletion slong span for wings with steady
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Figure 20.- Distribution of circulation along span for wings with steady

pitching velocity with A = 0.75. Wing pitching about apex.
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Figure 21.- Distribution of circulation along span for wings with steedy
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Figure 23.- Distribution of circulation elong span for wings with constant
vertical acceleration with A =0. I' =Tp + I'o.
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Figure 25.- Distribution of circulation along spen for wings with con-
stant vertical acceleration with A =0.50. T = o+ L.
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Figure 26.- Distribution of circulation along span for wings with constant
vertical acceleration with A =0.75. I = Pl + FE‘
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(f) AB = 8.
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Figure 26.- Continued.



(g) AB = 10.

Figure 26.- Continued.
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(h) AB = 12.

Figure 26.- Continued.
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(1) AB = 15.

Figure 26,- Continued.
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Flgure 26.- Congcluded.
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(a) AB = 2 to 6.

Figure 27.- Distribution of circulation along span for wings with constant
verticel acceleration with X = 1.00. Bm = 1.00,
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(b) AB = 8 to 20. Concluded.’

Flgure 27.- Concluded.
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(a) Varistion with Mach number. A = 4; A = 51.5%; A = 0.25.

/4~
e
10
8
/[
Vbcg 6

Vo WA

(b) Variation with aspect ratio. M = 1.8; A = 60°; A = 0.50.
b4 >

Figure 28.- Some illustrative variations of distribution of circulation
along span with Mach nmumber, aspect ratio, sweepback, and taper ratio
for wings at a constant angle of attack.
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(d) Veriation with taper ratio. A = 2; M = 1.8; A = 60°.

Figure 28.- Concluded.
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(a) Variation with Mach number. A =+k; A = 51.5%; A = 0.25.
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(b) Variation with aspect ratio. M = 1.8; A = 60°%; A = 0.50.
Figure 29.- Some illustrative variastions of distribution of circulation

along span with Mach number, aspect ratio, sweepback, and taper ratio
for wings having steady rolling velocity.
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(c) Variation with sweepback. A = 2; M = 1.h1l; A = 0.25.
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(d) Variation with taper ratio. A = 2; M = 1.8; A = 60°.

Figure 29.- Concluded.
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(2) Variation with Mach number. A = 4; A = 51.5% A = 0.25,
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(b) Variation with aspect ratio. M = 1.8; A = 60°; A = 0.50.

Figure 30.- Some illustrative variations of distribution of circulation
along span with Mach number, aspect ratio, sweepback, and taper ratio
for wings having steady pitching velocity. Static margin, 0.05€.
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(c) Variation with sweepback. A = 2; M = 1.h1L; A = 0.25.
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A =2; M=1.8; A=60°.

(d) Variation with taper ratio.
Figure 30.- Concluded. .
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(2) Veriation with Mach mmber. A = k; A =51.5% A = 0.25.
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(b) Veriation with aspect ratio. M = 1.8; A = 60°; A = 0.50.

Figure 31.- Some illustrative variations of distribution of circulation
along span with Mach number, aspect ratio, sweepback, and taper ratio
for wings with constant vertical acceleration.
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e

(c) Variation with sweepback. A = 2; M = 1.k1k; A = 0.25.

(d) Variation with taper ratio. A =2; M = 1.8; A = 60°.

Figure 31.- Concluded.
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(8) M =1.25; A = 4; A =51.5% A =0.25.

Flgure 32.- Some illustrative variations of distribution of circulation
along span with axis-of-pitch location for wings with constant
pitching velocity.
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(b) M =1.8; A =2; A=60% A =0.50.

Figure 32.- Concluded.
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